Background
Introduction
Leprosy, also known as Hansen disease, is an infection caused by the bacterium Mycobacterium leprae. It affects the skin and peripheral nerves and may lead to pronounced functional limitations. The last few decades have seen a notable decline in leprosy incidence worldwide, due in part to general socioeconomic development as well as the advent of fixed-dose combination therapy. Globally, the number of cases of leprosy has decreased from 752,417 in 2000 to 180,618 in 2013 [1, 2] , with the overwhelming majority of cases in 2013 occurring in low-and middle-income countries: 71% in the WHO Region of South-East Asia, 15.5% in the Americas, 8 .8% in Africa, 3.3% in the Western Pacific, and 1.2% in the Eastern Mediterranean [1] .
In Spain, leprosy incidence has also abated, with an estimated incidence of 0.16 cases by 100,000 habitants in the second half of the twentieth century [3] . Economic growth and development (i.e., rising GDP) has had a large role to play in the declining incidence of leprosy [3] . However, this development-and the corollary reduction in leprosy cases-has not occurred at the same pace in every country, and differential levels of socioeconomic development between Spain and the developing world have also sparked a change in migratory flows. From 2000 to 2013, immigration to Spain quintupled, with many people coming from countries where leprosy is still prevalent [4, 5] . In fact, most incident cases of leprosy in Spain, as reported in indexed medical journals, were diagnosed in foreign-born citizens from countries where leprosy is endemic, such as Brazil [6] [7] [8] .
Although France does not have an official leprosy register, a recent epidemiologic study of leprosy in Metropolitan France in 2009 and 2010 showed 39 new cases [9] . On the other hand, in Italy there is an official leprosy register, the National Reference Centre for Hansen Disease. A recent report from that country showed a gradual reduction of leprosy cases in patients born in that country (with only 12 cases diagnosed between 1990 and 2009, the last of which was in 2003) but also a concurrent increase in imported incidence (n = 159) [10] . In Spain, the State Register of Leprosy began operating in 1992 under the direction of the National Epidemiology Centre. Based on a Case Report Sheet, the Register publishes a final report every year in the Weekly Epidemiological Bulletin [11, 12] .
For our study, we performed a retrospective analysis to characterise the trend of new leprosy cases registered in Spain, along with the prevalence and trends of cases occurring in patients born in Spain and elsewhere. We also compared the real incidence registered with the expected number of cases, as calculated based on the disease burden in origin countries. To our knowledge, this is the first such study of its kind in Spain, although we adopted a very similar methodology to the one used by Massone et al. in Italy [10] , classifying the reported cases of leprosy by country of origin in citizens and legal residents of Spain from 2003 to 2013.
Materials and Methods
Observational, retrospective study on incident leprosy cases reported through the National System of Compulsory Disease Notification, or SCDN (in Spanish, the Sistema de Enfermedades de Declaración Obligatoria) from 2003 to 2013.
In Spain, available data on leprosy were based on suspected new cases reported through the SCDN. The State Leprosy Register began operating in 1992 under the direction of the National Epidemiology Centre (part of the Carlos III Health Institute) as a result of collaboration between the Ministry of Social Affairs, the Ministry of Health, and the Autonomous Communities. Register data is collected using a Case Report Sheet and the Manual of Procedure, in accordance with WHO definitions, classifications and recommendations. Upon the creation of the National Epidemiologic Surveillance Network, leprosy was included among the diseases reported annually by special systems (i.e., by registration), with the relevant regulations stipulating that only active cases would be monitored at country level. We retrieved leprosy statistics for new cases in Spain between 2003 and 2013 from the State Leprosy Register.
We gathered official data on legally resident foreigners and their countries of origin from the Spanish National Statistics Institute (http://www.ine.es/). This data excludes undocumented immigrants, so the total number of foreign nationals residing in the country is unknown.
To estimate the expected number of leprosy cases, we collected statistics for the main countries of origin from the WHO Weekly Epidemiological Record (WER) for the period 2003-2013 [1, [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] . For the year 2002, we also have Spanish leprosy statistics, although these were unavailable from WHO.
We used the World Development Indicators and the online databases of the World Bank to collect population data from immigrants' countries of origin [24] , and we entered this data, together with Spanish leprosy statistics, world leprosy statistics, and data on the number of legal immigrants in Spain into a spreadsheet using Microsoft Excel 2011. We performed separate analyses for each year and country of origin to calculate expected cases and reported cases of leprosy in Spain.
We report the number of leprosy cases detected from 1 January to 31 December of a given year, as well as the patients' countries or origin. Using 2003 Using -2004 as the reference biennium, we calculated the trend of the number of reported cases in 2005-2007, 2008-2010 and 2011-2013 . We calculated the odds ratio (OR) with 95% confidence interval (CI) and the case reported ratio by dividing the number of yearly cases reported in a given country by that country's population, and multiplying that number by 100,000. For example, 33,955 cases were reported in Brazil in 2011, out of a population of 196,935,134, so the case reported ratio for that year was 17.24.
We then estimated the number of expected imported cases by multiplying the case reported ratio of each country by the number of legally resident immigrants in Spain from that country, and dividing the figure by 100,000. Thus, to calculate the expected number of cases imported from Brazil for 2011, we multiplied the case reported ratio by 107,596 (the number of Brazilians registered in Spain in 2011) and divided the result by 100,000, leaving us with an expected number of imported cases of 18.55.
Following the methodology of Massone et al. [10] , we included in our analyses all of the countries of origin for immigrants diagnosed with leprosy in Spain between 2003 and 2013 and countries from which a certain number of cases could reasonably be expected, even if no immigrants from there had received a diagnosis during the study period. We defined this second group as countries that either reported more than 1000 leprosy cases per year or had at least 200 legally residents in Spain as well as one of the following characteristics in the study period: (a) >100 leprosy cases reported per year; or (b) new case detection rate > 1⁄100 000 population.
From there, we calculated a total case reported ratio from the total number of leprosy cases reported in the country of origin, divided by the total residents in Spain from that country, and multiplied by 100,000. Finally, we calculated the number of expected imported cases in Spain using available data for legal residents.
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Results
One hundred sixty-eight leprosy cases were reported in the study period: 40 (24.6%) in Spanish-born citizens and 128 (76.2%) in foreign nationals. Table 1) . Of twenty different countries of origin analysed, the most cases of leprosy were reported in Latin Americans (71.9%), especially Brazilians, with a significant proportion also occurring among Paraguayans and Bolivians. The second most important region of origin was Africa (26.6%), particularly Morocco. Asian immigrants accounted for the fewest cases of leprosy, although among the cases registered, the greatest proportion was in citizens from the Phillipines and India. We could not identify the nationality of the immigrants in two cases ( Table 2) .
We also included another 17 countries in our analyses even though no immigrants from there received a leprosy diagnosis between 2003 and 2013, since more than 1000 leprosy cases are reported in those countries every year, and a consistent number of cases could reasonably be expected (Table 3 ). The countries in this group were mainly in Africa and Asia, and together, they accounted for about 308,000 legal residents in Spain in 2013. Another 14 countries (Table 3) had a case reported ratio in the country of origin of 1 per 100,000 population between 2003 and 2013 or at least 100 leprosy cases reported each year between 2003 and 2013 and were considered eligible because of the high number of immigrants residing in Spain (always >200 per year). The population group in Spain originating in these countries was over 232,000 in 2013. Table 4 shows that the imported cases reported were lower than expected for each year. In 2003, the expected number of leprosy cases in foreign nationals was 47.12, but there were only 4 cases reported (a difference of 91%). In 2010, there were 15 leprosy cases diagnosed in foreign-born residents, while the estimate for expected cases was 49.6 (a difference of 60%). Finally, in 2013, there were 8 leprosy cases in foreign residents, compared to 34 expected (a difference of 76%).
If we compare the annual number of leprosy cases in foreign residents in Spain and the total case reported ratio of the countries of origin, we find a difference of 13.2 more cases per 100,000 inhabitants diagnosed in the countries of origin in 2003 and 3.66 in 2013.
In Table 5 we detail the relevant characteristics of twenty immigrant populations in Spain, including the number of legal residents in Spain, the case reported ratio in their country of origin, the case reported ratio in Spain, and the expected leprosy cases in foreign citizens from 
Discussion
The prevalence of leprosy is declining, in part due to the advent of fixed-dose combination therapy [1] . Over 95% of the global leprosy burden is concentrated in nine countries, but most especially in India, Brazil, Madagascar, Mozambique and Nepal [2] . The increased migratory flow of people from areas where leprosy is still endemic into Europe, Northern America, Japan and Australia will undoubtedly have an impact on the incidence of leprosy in countries where leprosy has been considered eradicated or controlled for decades [10] . In Europe, most cases of leprosy are imported. For example, in Italy, Massone et al. observed a gradual reduction in leprosy cases among Italian-born citizens, where only 12 cases were 2003) . However, they also observed a concurrent increase in cases imported from other countries (n = 159) [10] . Likewise, a recent epidemiologic study of leprosy in Metropolitan France, which took place in 2009 and 2010, found that out of 39 new cases, only 7 (18%) occurred in patients of French origin (2 from Metropolitan France and 5 from Overseas France) [9] . Another study also identified several cases of leprosy in France in foreign patients [25] , and one described the case of a Portuguese woman living in France [26] . In 2000, Sequeira et al. reported that half of the incident cases of leprosy diagnosed in a dermatological clinic in Coimbra, Portugal were in foreigners, mainly from Brazil [27] . In our study, the number of cases in Spanish-born citizens is higher than in Italy or France. However, the proportion of new cases in Spanish-born citizens has decreased from 36.2% in 2003-2004 to 15.2% in 2011-2013. These cases occurred mostly in citizens residing in Spain (particularly in southern Spain) [7, 28, 29] , although some lived in other countries [7] . However, it is also important to note that leprosy was endemic in both Spain [3] and Portugal [30] until relatively recently. The long incubation period between the infection and clinical manifestation of leprosy may be a key factor explaining its importation, whereby asymptomatic people emigrate before developing any clinical signs of the disease [10] . Like Massone et al. [10] , who conducted their study from 2003 to 2009, we found that the frequency of incident imported cases was lower than expected for each year. This discrepancy may be attributable to different factors, including the under-recognition and subsequent under-diagnosis of leprosy cases; the under-reporting of leprosy cases to the State Leprosy Register; or a lower level of exposure to the bacterium among the immigrant population than in the local populations in the country of origin. However, in some countries with available data, such as Paraguay, there were fewer reported cases of leprosy than the expected leprosy cases in Paraguayans in Spain, suggesting that under-reporting and under-diagnosing occurs in the country of origin as well as in the destination.
Our data are an incomplete measure of the leprosy burden in Spain, as we only recorded the nationally registered cases, which would not take into account any cases that were not reported or diagnosed. Moreover, the Spanish case reported ratio only corresponds to legal foreign residents from leprosy-endemic areas registered in the Spanish National Statistics Institute, not to undocumented immigrants. It was therefore impossible to calculate the total case reported ratio among all immigrants from leprosy-endemic areas.
Although there is a risk of secondary transmission of leprosy from foreign-to Spanish-born citizens, the State Register of Leprosy did not provide enough information to determine whether this was true for the Spanish-born cases in our study. However, in a series of cases of imported leprosy reported between 1978 and 1988 in the United States, investigators found no cases of transmission [31] , so the impact of secondary transmission is likely to be limited.
It should also be noted that leprosy might mimic other diseases. Nery et al [32] studied uncommon presentations and delay in the diagnosis of leprosy in Rio de Janeiro (a leprosyendemic area), recommending that clinicians working where leprosy is prevalent consider that disease in their differential diagnosis, especially if the clinical presentation is unusual, as this could facilitate the diagnosis of more cases. However, clinicians must also be capacitated to recognise leprosy in the non-endemic industrialised world [33] . General practitioners and dermatologists should be aware of leprosy's symptoms and clinical manifestation, considering the diagnosis of the disease a real possibility, especially in patients coming from leprosy-endemic areas [10, 32, 33] . The leprosy patients in our study were diagnosed late in the course of the disease, when it is possible to present with leprosy reaction [8, 34, 35] , all the more reason for clinicians to be familiar with an atypical presentation. In Spain, clinicians should include leprosy among the potential causes of cutaneous and neurological signs and symptoms, especially if patients are from Brazil, Paraguay, Bolivia or other areas where leprosy is prevalent [6, 8, 34, 35] . This is particularly relevant because most of the immigrant population living in Spain is from Latin America. In other parts of Europe, where there are more immigrants from Sub-Saharan Africa and Asia, leprosy should be also be considered. Given our findings, it would be advisable for the Spanish Medical University Programme to reinstate teaching junior doctors about leprosy.
This study is one approach to evaluating how the problem of leprosy is being addressed in Spain. Our data are not comprehensive, but they do provide a preliminary indication of the importance of the leprosy burden in Spain. In a globalised world, even the tight control of leprosy cases originating in Spain will not prevent its future incidence in the country, as people will continue to enter Spain from countries where the disease is more common. Researchers from other European countries are encouraged to carry out studies similar to the present one and the one conducted by Massone et al. [10] in Italy, in order to better understand the leprosy situation in other parts of the continent.
Supporting Information S1 Checklist. STROBE checklist.
(DOCX)
